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Abstract
The problem of evacuation is important and is submitted to lawful requirements.The buildingEXODUS software is used to model 
and simulate the evacuation of rolling stock. Firstly, in order to demonstrate the reliability of this tool to calculate the complete 
evacuation time, a comparative study was achieved between a real test and simulations done with buildingEXODUS. Then, a 
new study is done to calculate the complete evacuation time of a new train with the same carbody but with a different interior 
architecture.
Finally, this study has permitted to use numerical simulations of evacuation in order to satisfy a lawful criterion.
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1. Context
Evacuation modelling technology offers designers and regulators of train new opportunities to rigorously test 
designs in order to improve the passengers’ safety. 
The problem of evacuation is important and is submitted to lawful requirements. European regulation (TSI RST 
HS 2008/232/CE) imposes: “The number of the doors and their dimensions shall allow the complete evacuation 
within three minutes by passengers without their luggage in a situation where the train is stopped alongside a 
platform. It is permitted to consider that passengers with reduced mobility are to be assisted by other passengers or 
staff, and that wheelchair users are evacuated without their wheelchair. Verification of this requirement shall be 
made by a physical test with a normal load as defined in clause 4.2.3.2 and under normal operating conditions.” The 
objective of the work presented below is to show that it is possible to replace the full-scale test imposed by the TSI 
RST HS 2008/232/CE by numerical simulations of evacuation.
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Indeed, it is very difficult to set up a full-scale test of evacuation. In order to achieve this test, it is necessary to 
have a furrow to convey the train, a driver for the train, a platform of station, staff members to carry out the 
measurement of the test and volunteers to evacuate. This last point is the most difficult because for our case, it 
would be necessary to have 634 volunteers. Due to all these points, a full-scale test of evacuation costs a lot of 
money. As in many other fields, numerical simulation can reduce significantly the cost and allows the comparison of 
designs performance. Moreover, numerical simulations tools offer other advantages because they permit to make 
multiple simulations with different populations, to modify the architecture of a train if it does not comply with the 
criterion of the TSI RST HS 2008/232/CE.
The buildingEXODUS software is used to model and simulate the evacuation of rolling stock. Firstly, in order to 
demonstrate the reliability of this tool to calculate the complete evacuation time, a comparative study was achieved 
between a real test and simulations done with buildingEXODUS. Multiple simulations are performed to capture the 
stochastic variations in egress times. Then, a new study is done to calculate the complete evacuation time of a train 
with the same carbody but with a different interior architecture. Indeed, this new train has, inter alia, more seats. The 
goal of this study is to show that the modification of the architecture has no effect for the respect of the TSI RST HS 
2008/232/CE.
Finally, this study has permitted to use numerical simulations of evacuation in order to satisfy the criterion of the 
TSI RST HS 2008/232/CE instead of a full-scale test.
2. Full-scale test
A full-scale test was carried out around a TGV double deck (named TGV DASYE) on April 14th 2011 in Le 
Mans railway station in order to demonstrate the conformity of the evacuation time prescribed in the TSI RST HS 
2008/232/CE. To validate the representativeness of this test, travelers were placed in coach TGV R8 (coach TGV 
which contains the most of passengers with 92 places) and half of the high room of coach TGV R7 (26 places). The 
full number of participants in this test is thus of 118 people. The visualization of this train and the location of the
people are in the following picture (Figure 1).
Fig. 1. View of the interior part of TGV DASYE which has been evacuated
The travelers of coach TGV R7 had the obligation to borrow the exit of coach TGV R8 to create a bottleneck 
starting from the top of the staircase to the door [1].
In order to represent as closely as possible this full-scale test, we had to analyze the incoming data. It was 
therefore necessary to identify each passenger who participates to this test so as to have corpulence and age in
adequacy between the real test and modellings. In addition, it was necessary to know the initial position of each 
person in order to represent as closely as possible the initial configuration of the test. The output data is the total 
evacuation time which is 126 seconds.
3. Simulations with buildingEXODUS
The software computes the trajectory of each person according to the path of evacuation which they chose to 
follow at each step time. The geometry and the grid defined in buildingEXODUS is well adapted to the real coach 
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geometry. In buildingEXODUS, the entire space of the geometry is covered with a grid of nodes which are generally 
spaced by intervals of 0.5 meters. At any time, only one person can occupy one node. It implicates a conflicts 
management based on several parameters like the traveling time, the parameter “drive” which measures the 
capacityfor a person to win a node against another, etc…
There are different types of nodes : “free space nodes” which allow unhindered movement and represent 
unobstructed horizontal terrain, “seat nodes” which represent seating area and either force occupant to engage in 
hindered movement, “stair nodes”, “external exit nodes” [2] for those which interest us. A person can pass from one 
node to one of the neighborhood nodes connected by arcs. The arcs have a physical length, i.e. the distances 
between all the nodes are the real distances of the geometry. Moreover, arcs have a specific parameter called 
“obstacle” which defines the difficulty of passing from one node to the other. The walking speed on an arc is then 
defined by the value Walk/Obstacle where Walk is the speed of standard walk of a person. Therefore, more the 
value of the parameter obstacle is high (it is the case for arcs between seats) more the time to pass from one node to 
the other is important. The localization of the various nodes has to be representative of the possible ways followed in 
the trains (Figure 2).
Fig. 2. Modelling realized with buildingEXODUS
Indeed, there can be one maximum occupant in the width of the corridor like using the exit door. The units of 
passage are respected in all the sites of the train. Concerning the modelling of the staircase, it is made via a specific 
tool. Thus, the staircase modeled is representative of the real staircase with a full description of the stairs (length, 
height, number of steps…).
Among a large number of modifiable parameters, only the gender, the age, the weight and the size of each person 
were fixed with respect to the real people. All the others parameters are randomly defined according to the previous 
parameters and the associated databases.
4. Results obtained with buildingEXODUS
The results being able to vary from a simulation to another because of the randomness of many parameters, one 
hundred simulations were carried out (figure 3).
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Fig. 3. Evacuation time in function of the number of simulation
The average time of evacuation for these 100 simulations is 124,7 seconds [3]. For recall, the evacuation time of 
the real test is 126 seconds. Thus, the average variation with the real test is 1%, the maximum variation with the real 
test is 3,9% and the minimum variation with the real test is 0% (it corresponds to a time of 126 seconds). The
standard deviation is used to measure the dispersion of a data set. The weaker it is, the more the values are gathered 
around the average. The results obtained with buildingEXODUS have a standard deviation equal to 0.95 which is 
very good and show the robustness of the modeling. Another point which is important is the calculation time. The 
average calculation time for each of the 100 simulations made with buildingEXODUS is around 7 seconds 
(Processor Intel®Core™ i3-2370M CPU 2.40 GHz, RAM 4Go).
5. Application to another train
The TGV OUIGO is, before the modification, a TGV DASYE. Then, some modifications have been done in the 
interior’s architecture of the train. The goal is to be able to transport 20 % of passengers moreover compared to a 
TGV DASYE (the capacity of the TGV OUIGO is 634 passengers against 509 for the TGV DASYE). This profit in 
capacity is made possible per less space for the luggage, the absence of first class and buffet coach.
The travelers present in the low rooms do not have other choices than only to use the specific exit door to their 
coach while the passengers of the high rooms have the choice to use one among two staircases which means that 
they have the choice between two exit doors.
The results being able to vary from a simulation to another, 100 simulations were carried out (figure 4). The 
average time of evacuation for these 100 simulations is 124,8 seconds. The standard deviation is used to measure the 
dispersion of a data set. The weaker it is, the more the values are gathered around the average. The results obtained 
with buildingEXODUS have a standard deviation equal to 2,44 which is good and show the robustness of the 
modeling. Another point which is important is the calculation time. The average calculation time for each of the 100 
simulations made with buildingEXODUS is around 7 seconds (Processor Intel®Core™ i3-2370M CPU 2.40 GHz, 
RAM 4Go).
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Fig. 4. Evacuation time in function of the number of simulation
All the curves have the same appearancewith a significant break of slope when one reaches approximately 80 
seconds (figure 5). That is explained by the fact that towards the 80th second, all the low parts of the coaches are 
empty. Thus, the passengers of the high parts evacuate the ones after the others, given rhythm by the limitation of 
flow related to the staircases, which results in a deceleration of the evacuation.
Fig. 5. Evacuation time in function of the number of evacuees
Results of simulations show that the time of evacuation is homogeneous between the seven doors until a coach is 
entirely evacuate. It appears that the flow of evacuation per coach is overall similar for each door.We can see on the 
figure 6 that the slope of each curve is almost identical. Moreover, this slope can be approximated by a linear
function. The only factor which will influence the evacuation time is the number of passengers present by coach. 
The coach 8 which has the greatest capacity of occupation will be the coach which will require the most important 
time of evacuation.
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Fig. 6. Number of evacuees by coach in function of time
We can see on the following graph (figure 7), the evacuation time by door for each of the 100 simulations.
Fig. 7. Evacuation time by door
Thus, we can see directly the correlation between the evacuation time per coach and the number of evacuees per 
coach by comparing the graph of the evacuation time by door (figure 7) with the graph showing the number of 
evacuees by door (figure 8). The approximation which can be made is that the flow is on average of a person a 
second and by door during the whole of the evacuation phase.
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Fig.8. Number of evacuees by door
One of the differences between TGV DASYE and TGV OUIGO is the presence of 24 seats in coach 4 with 
noexternal access door. The passengers evacuate naturally towards the coach 5 because of proximity between the 
location of the seats in coach 4 and the coach 5. In terms of number of evacuees and time of evacuation, coach 5 
locates its performances at the level of coaches 2, 6 and 7. This configuration is thus not raising for the evacuation.
The configuration seats 3+1 (coaches 1, 2 and 3) does not affect the time of evacuation. That is explained by the 
fact that the time of evacuation depends on parameters which will very largely be raising compared to this
configuration. These parameters are:
x Width of door: in this case, only one person uses the door at the same time with the result that there is an 
obstruction important on the level of this one, as shown in the following figure 9.
Fig.9. View of a step-time during the evacuation in coach 1
The obstruction in front of the door makes that a person leaving its seat tardily catches up with people who have 
already left their seats. Thus, the fact of spending more time to leave its seat (which is the case in configuration 3+1 
compared to configuration 2+2) does not affect the evacuation time.
x No thinking on the way to be borrowed: no junctions which require thinking, the evacuation is done naturally.
x No possibilities of doubling: the corridors and the doors offer only one unit of passage.
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6. Conclusion / Prospects
The acceptability criterion of TSI RST HS 2008/232/CE which imposes the complete evacuation under three 
minutes of the rolling stock is satisfied. So, the correlation between experimental data and simulations makes 
possible to validate the use of evacuation modelling in order to fulfil the requirements of the TSI RST HS 
2008/232/CE.
Finally, this study shows advantages of evacuation modelling which allows realizing a lot of different simulations 
by changing the incoming data and which is less expensive than a real scale test (it does not need the immobilization 
of a train, hundreds of volunteers and a platform of station) which does not give any information about average time 
and standard deviation. 
To note that in the case of an invitation to tender, the numerical simulation makes possible to test upstream if the 
specifications are respected. Thus, it will be possible to compare diagrams during the design phase of the project. 
Moreover, with these tools, it is possible to compare train’s architecture, to compare the evacuation time in function 
of the population, to simulate the evacuation with or without luggage, to simulate panic movement, to simulate fire 
propagation with the effects of smoke, heat... All those items have an influence which obviously can not be really 
tested but which can be computed, which is a main advantage of numerical simulation. Specialized tools exist 
nowadays and have reached an important level of reliability. Some of them are of general purpose so are used in 
various fields (aeronautics, naval industry, civil engineering and building industry…). Very high level trainings are 
now available for engineers already familiar with numerical simulation, especially in the field of CFD and finite 
element simulation for mechanical structures.
The numerical results the CIM got could have important implications for rail safety because the application of 
evacuation modelling could supplant a part of the real tests imposed by the regulations. The work to do now is to 
achieve others real evacuation tests (with others populations, trains, platforms) and compare them to simulations. If, 
in any case, the simulation time is very close to the real evacuation time, we could imagine that we can restrict the 
real tests and use the evacuation modelling as a viable tool to satisfy the criteria of the TSI RST HS 2008/232/CE.
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